Introduction
The role of iron ( 
Methods
Fe/irradiance perturbation experiments of 7 and 10 day duration were performed on board RSV Aurora Australis in the vicinity of 47 ø and 54øS (142øE), respectively (see map) [Rintoul and Trull, this issue] . Water was sampled from 20 m depth using a "clean" pump with the subsurface intake flushed for 1 hour prior to sampling [Hutchins and Bruland, 1998 ]. Pumped seawater was collected within a clean environment (submicron filtered air, laminar flow), and 25L clean polycarbonate carboys were rinsed and then filled with seawater. Samples were taken from this supply for time zero measurements. Five treatments were prepared: treatments 1-3 were incubated under mean in situ irradiance: unamended seawater (control), low-Fe enrichment (low Fe, low light), high-Fe enrichment (high Fe, low light); while treatments 4-5 were incubated under greater than mean in situ irradiance, low-Fe enrichment (low Fe, high light), and high-Fe enrichment (high Fe, high light).
Low-(0.5 nM Fe) and high-Fe (3 nM Fe) enrichments were added as FeC12 chelated with ethylene diamine tetra acetic acid (EDTA) in a 1:1.5 ratio [Coale, 1991] . In the "low-light" treatment, cells were exposed to a light level corresponding to the in situ mean irradiance received daily as they are vertically mixed in the upper ocean. In the "high-light" treatment, cells were exposed to a higher than mean in situ irradiance. Mean in situ irradiance levels were estimated using shipboard data on mixed layer depth (MLD), mean wind stress, water column light attenuance, and incident irradiance To, in conjunction with equations for the vertical displacement of phytoplankton by turbulent mixing [Denman and Gargett, 1983] . At the relatively high wind stresses recorded (Table 1) , it was assumed that cells circulated throughout the surface mixed layer, rather than circulating within eddies of length scales less than the MLD [see MacTntyre, 1998 ].
The estimated in situ irradiances, expressed as a percentage of daily incident irradiance To, for the low-(and high-) light treatments in the 47 ø and 54øS experiments were 25% T o (50% To) and 9% To (25% To), respectively. Carboys were enclosed in neutral density screening equivalent to the calculated % T o. A single 25 L carboy was used per treatment (as opposed to multiple 4 L bottles) to minimize containment artifacts such as wall effects [Berg et al., 1999] during the long-term (up to 10 days) incubations required in subpolar waters. Thus there are no true replicate treatments. However, there are pseudoreplicates for subsamples (55Fe, •4C, and 32Si), and the trends observed from independent techniques (chlorophyll a, •4C, and 32Si) may be compared.
In March 1998, surface ambient silicic acid levels were low, in the range of concentrations known to limit diatom growth (<1 /xM (47øS) and 2.4/xM (54øS)) [Paasche, 1973] at the same % I 0 as used for the corresponding carboy (except for the 1 hour ?:I incubations). Cell abundances were analyzed using a Becton Dickinson FACScan flow cytometer with a 15 mW argon ion laser. Flow rate and size calibration were determined using Fluoresbrite beads and lab-cultured cells such as Synechococcus [Olson et al., 1993] . Two-dimensional scatterplots of FL2 (orange fluorescence) and FL3 (red fluorescence) provided estimates of the medium/large strongly red autofluorescent cells (e.g., diatoms) and cyanobacteria [Wright et al., 1991 [Wright et al., , 1996 Crossley, 1998 ]. Although flow cytometry describes fluorescence intensity rather than direct measurement of cell size, size calibration experiments indicate that 2 •m diameter is the cutoff between small and medium/large cells. These categories were used, in conjunction with size-fractionated chlorophyll a to estimate cellular chlorophyll a for prokaryotes and eukaryotes.
Algal net growth rates were estimated using the instantaneous change in chlorophyll a or in cell abundance. Estimates of diatom net growth rates were obtained from silica turnover (silica production/biogenic silica). Two general experimental artefacts must be noted. First, DFe levels from a vertical profile at 54øS [Sedwick e! al., 1999] were considerably lower than those in carboys at 54øS, suggesting inadvertent Fe contamination of carboy seawater. Thus, for 54øS there was no "1ow-Fe" treatment, and this experiment must be viewed as an investigation of the effects of altering irradiance levels on (initially Fe-stressed) cells under Fe-replete conditions. Second, there was no high-light control carboy at either site; this may have implications at the 54øS site (see section 4.2). Note, this cellular chlorophyll a content for picophytoplankton corresponds to around 6% of their dry matter. Despite similar chlorophyll a levels between sites, biogenic silica levels were considerably higher at the 54øS site (Table 1) . Rates of carbon fixation and silica production were higher at 47øS compared to 54øS, whereas Fe uptake was similar at both sites.
The 47øS Perturbation Experiment
The high-Fe treatments exhibited the greatest increase in chlorophyll a levels at 47øS with little change in the other treatments over 7 days (Figure 2a) . This trend was supported by flow cytometric and rate measurements. Cyanobacterial abundances doubled in the high-Fe treatments by day 4 (Figure 2c) , and diatom abundances increased >sixfold over 7 days (Table 2) .
While chlorophyll a levels increased over 7 days for both high-Fe treatments, rates of carbon fixation leveled on day 4 after initially quintupling (Figure 3a) . Again, there was little change in production rates in the other treatments. Cells >5 •m were responsible for 40% of production in both high-Fe treatments (data not shown). The initial uptake of Fe was greatest in both high-Fe treatments, but the temporal trends were less clear (Figure 3c ) than for carbon fixation or silica production. Fe:C uptake ratios generally decreased several fold after time zero in all treatments for all cells (data not shown). Silica production rates were pronounced only in the high-Fe treatments, increasing slightly between days 0 and 4, then markedly after 4 days (Figure 3e ). This uptake pattern differs from that for C fixation. (Table 3b ).
The 54øS Perturbation Experiment
In contrast to the 47øS experiment, chlorophyll a levels increased markedly only in both high-light treatments (either > 1 or 3 nmol L-• Fe was added, Table 2), and the lag prior to an increase in chlorophyll a was 4 days longer (Figure 2b) . Total cell abundance increased fourfold in both high-light treatments because of fivefold and twofold increases in cyanobacterial and diatom abundances, respectively (Figures 2d and 2f) . This trend was supported by other measurements, with rates of carbon fixation increasing markedly only in the high-light carboys (Figure 3b ). Initial production rates were half those at 47øS but were comparable in magnitude by day 10 in the high-Fe/high-light treatment. As in the 47øS experiment, cells >5 t•m were responsible for 40% of carbon fixation in the high-Fe/high-light carboy (data not shown).
Initial rates of Fe uptake were similar at both sites (Table 1) ; however, uptake patterns differed between sites (Figures 3c  and 3d ). Both high-Fe treatments exhibited the highest initial increase in Fe uptake at 54øS. Despite higher biogenic silica levels at the 54øS site, silica production rates were initially higher at 47øS than at 54øS (Table 1) In contrast to 47øS, Pmax at 54øS was initially fivefold lower (Table 1) (Table 3a) . In contrast, net specific growth rates (cell abundance) were ---0.2 doublings d-• in the high-light treatments between days 6 and 10 (Table 3b ). 
Diatom growth rates were generally 0.1 doublings d-• or less

Comparison of the Fe/Light Perturbation Experiments
There were clear differences in the outcomes of the two experiments, with only high-Fe supply (>2 nmol L-2_, regardless of mean light levels) mediating increases both in algal stocks and in the magnitude of rate processes in the 47øS experiment. Significant increases in algal stocks/rate processes were observed only in the high-light treatments in the 54øS experiment; noting that, because of contamination, all treatments were probably Fe-replete at 54øS. On the basis of the observed physiological properties of the resident cells at the two sites (see Table 1 ), the mean in situ light levels at the two sites was likely the key determinant of the different experimental outcomes. At 47øS, Fe-mediated changes in chlorophyll a and other properties appeared to be independent of mean light levels in the high-or low-light treatments. If the resident population was Fe-limited at 47øS (ambient DFe was <0.1 nmol L-•), it is puzzling that there were only slight increases in chlorophyll a or cyanobacterial abundance in the control (0.3 nmol L -• Fe) and/or in the low-Fe (0.5 nmol L -• Fe) treatments. It should be noted that these DFe levels in the carboys are the maximum possible levels (see Table 2 legend). Moreover, while small eukaryotes have been shown to have lower algal Fe requirements than large cells [Sunda and Huntsman, 1997] , there is evidence of high Fe requirements for cyanobacteria from labcultured studies [Brand, 1991] , although field data are lacking. Raven [1990] and, more recently, Behrenfeld and Kolber [1999] report that this may be due to high PSI:PSII ratios in cyanobac- 
